A male-produced crude aggregation pheromone from Eysarcoris lewisi (Distant) (Heteroptera: Pentatomidae) was collected from volatiles emitted by adult males. It was purified with high performance liquid chromatography using a silica gel column, followed by preparative gas chromatography. The attraction activity of each fraction was field tested using water pan traps. The isolated compound of the aggregation pheromone component was analyzed by GC-MS and NMR, and the chemical structure was estimated to be (Z)-2-methyl-6-(4-methylenebicyclo[3.1.0]hex-1-yl)hept-2-en-1-ol.
INTRODUCTION
It is known that the adult males of several species of Pentatomidae and Alydidae release pheromones (Harris and Todd, 1980; Moriya and Shiga, 1984; Aldrich et al., 1991; Yasuda and Tsurumachi, 1994; Leal et al., 1995; Sugie et al., 1996) . In the case of Eysarcoris lewisi (Distant) (Heteroptera: Pentatomidae), adult males and their volatiles collected can attract males, females, and nymphs of the same species, and the existence of an aggregation pheromone has been suggested (Takita et al., 2000) .
Pecky rice is a serious economic problem in Japan (Hayashi, 1997) . E. lewisi is known as one of the major species of rice bugs that cause pecky rice in northern Japan, including Yamagata Prefecture (Watanabe et al., 1991; Honda et al., 2001) . As a method for monitoring E. lewisi, sweep net collection in a field or direct collection of insects from grasses was used; however, capture efficiency is low with these methods. Therefore, we attempted to identify the structure of the aggregation pheromone in order to develop a more efficient monitoring method.
MATERIALS AND METHODS

Insects.
Hibernating adult insects were collected in 1999 from weeds at Yamagata Prefectural Agricultural Experiment Station (now Yamagata General Agricultural Research Center). Insects had been reared on raw peanuts and brown rice for successive generations at 25°C under a photoperiod of 16L-8D.
Collection of the aggregation pheromone. Adult males reared for 10 days after emergence were put into screen baskets (5 cm diameter, 8 cm height) with brown rice and a bottle containing water. The basket was placed in a separable flask (15 cm diameter, 11.6 cm height) with two ports in its upper section. One port was connected to a gas washing bottle filled with distilled water. A glass tube (13 mm diameter, 12.5 cm long) filled with Porapaq Q (Millipore Corp; Milford, MA, USA, 50-80 mesh, 1.0 g) was connected to the other port and was aspirated with a vacuum pump at 1.8 l/min. The Porapaq Q in the glass tube was exIsolation and estimation of the aggregation pheromone from Eysarcoris lewisi (Distant) (Heteroptera: Pentatomidae) High pressure liquid chromatography (HPLC). The crude extract was filtered (pore size 0.45 mm), and the volume of the crude extract was adjusted with hexane to 2 ml. High performance liquid chromatography (HPLC) was carried out with a system (1050, Hewlett-Packard (HP), Avondale, PA, USA) using a silica gel column (Inertsil SIL-100A, 4.3 mm I.D.ϫ250 mm, GL Science Inc., Tokyo, Japan). The column was eluted with 20% ether in hexane at a flow rate of 1.0 ml/min. The eluate was monitored with UV detector at 210 nm.
Gas chromatography (GC). Gas chromatography was carried out with a system (6890N, Agilent Technologies Inc., Wilmington, DE, USA) equipped with preparative fraction collection (Gerstel GmbH & Co. KG, Mulheim an der Ruhr, Germany) using a TC-FFAP column (0.53 mm I.D.ϫ15 m, 1 mm film thickness, GL Science Inc.) and a TC-1 column (0.53 mm I.D.ϫ15 m, 1.5 mm film thickness, GL Science Inc.). Gas chromatography was carried out at a temperature of 60°C for 1 min with an increase to 210°C at 10°C/min. He was used as the carrier gas at a flow rate of 5 ml/min.
Gas chromatography-mass spectrometry (GC-MS) analysis. Gas chromatography-mass spectrometry was carried out using JMS SX-102A (JEOL, Tokyo, Japan). The temperatures of the GC interface and ion source were 210°C and 220°C, respectively. A capillary column (TC-FFAP, 0.25 mm I.D.ϫ30 m, 0.25 mm film thickness, GL Science Inc.) was used under a temperature program of 60°C for 1 min, then increased to 210°C at 7°C/min and maintained for 10 min. Another capillary column (TC-1, 0.25 mm I.D.ϫ15 m, 0.25 mm film thickness, GL Science Inc.) was used under a temperature program of 60°C for 1 min, increased to 240°C at 7°C/min and maintained for 10 min. He was used as the carrier gas at a rate of 1 ml/min. Mass spectra in electron impact mode (EI) and high resolution (HR) mass spectra were obtained at 70 eV.
Hydrogenation and acetylation. Hydrogenation was carried out in the presence of a carbon black catalyst. Acetylation was carried out using pyridine and acetic anhydride at room temperature.
Measurement of optical rotation. A polarimeter (JASCO P-1020, Tokyo, Japan) was used.
Nuclear magnetic resonance (NMR) analyses. NMR spectra were obtained using A600 (JEOL, 1 H-NMR, 600 MHz, 13 C-NMR, 150 MHz). C 6 D 6 was used as the solvent (duteride ratio, min. 99.6%, EURISO-TOP, France).
Field bioassay. Attraction activity was investigated by field tests. These tests were carried out in weeds at Yamagata Prefectural Agricultural Experiment Station (now Yamagata General Agricultural Research Center). Each fraction was absorbed by cotton rope (0.7 mm diameterϫ3 cm) placed in screen baskets (5 cm diameter, 8 cm height). The baskets were set over water pan traps (45 cm I.D.), and their height was adjusted to about 1 cm above the surface of the water. As control, 10 adult males in a basket with a water supply bottle and brown rice were used. The traps were separated by more than 3.5 m. The bioassay was replicated three or four times for each sample. The number of insects drowned in the water, those remaining at the water's edge in the pan, and those on the basket was counted. Data (X) were transformed to (Xϩ0.5) 1/2 and subjected to ANOVA. All insects were removed after counting. The means of each sample were compared to those of the control (10 adult males) by the Dunnett test when ANOVA was significant at a level of 5%.
RESULTS AND DISCUSSION
Purification
We collected 60,200 male equivalents (ME, volatiles obtained from one male in a day) of crude extract from adult male E. lewisi. It was fractionated by HPLC, and three fractions were obtained.
The fractions that were eluted during 0-16 min and 16-32 min showed potent attraction activity (Table 1) ; however the eluted sample of 750 ME was too large, to load in the silica gel column, so these two fractions were mixed and fractionated by HPLC again (Fig. 1A) . This time, the fraction eluted during 0-15 min did not show any attraction activity (Table 2) . Among the fractions eluted during 15-29 min, the 19-26 min fraction showed attraction activity, as shown in Table 2 . The attraction activity of the 19-26 min fraction was confirmed in two other field tests: 4 insects were caught during 4-6 July with 600 ME, 5 insects were caught during 4-6 September with 1,000 ME. The activity of this fraction was weaker than that of the male traps. Some component in the fraction may have disrupted the attraction activity.
This fraction was further purified by preparative GC using a TC-FFAP column (Fig. 1B) . The strongest attraction activity was shown in a peak eluted during 16.3-17.4 min; its activity was almost the same as that of the male trap (Table 3) . This fraction was further fractionated by preparative GC using the TC-1 column (Fig. 1C) . The strongest attraction activity appeared in a peak eluted during 13.5-14.5 min; its activity was almost the same as that of the male trap (Table 3) . The male trap attracted 4 males, 4 females and 13 nymphs. Similarly, this fraction (13.5-14.5 min) attracted 3 males, 3 females, and 9 nymphs; therefore, the purified compound was shown to have aggregation pheromone activity. The amount of the isolated compound emitted by an adult male in one day was calculated to be 0.51 mg. Optical rotation [a] D 24.7 was Ϫ79.1 (c 0.2%, hexane).
Gas chromatography-mass spectrometry analysis
The purified compound was eluted at 23.09 min with GC-MS analysis (Kovats index, TC-FFAP: 2,416, TC-1: 1,679). The mass spectrum of the purified compound is shown in Fig. 2 ϩ (50). As expected, the molecular weight increased from 220 to 262 by acetylation treatment, and the original compound was confirmed to be an alcohol. A precise molecular weight of 220.1840 of the purified compound was calculated by HR-GC-MS analysis; the molecular formula of the isolated compound was estimated to be C 15 H 24 O (calculated 220.1827).
Nuclear magnetic resonance analysis
Each proton signal in the 1 H-NMR spectrum of the purified compound was as follows (resolution 0.37 Hz 1H, ddp, Jϭ8.0 Hz, 8.0 Hz, 6.6 Hz), 0.85 (3H, d, Jϭ8.3 Hz), 0.57 (1H, dd, Jϭ3.7 Hz, 3.7 Hz), 0.41 (1H, dd, Jϭ4.8 Hz, 8.4 Hz) (Fig. 3) . Each signal in the 13 C-NMR of the isolated compound was as follows. d 153. 8, 135.4, 128.1, 102.5, 61.5, 38.1, 36.5, 35.2, 31.7, 29.0, 26.6, 25.8, 21.3, 18.2, 16.3 (Fig. 4) . From the data of proton COSY (Fig. 5) and HMQC analyses, five fragments were found: A: CaϭC -15 (H -15 , H -15Ј ), B: Cb-C -13 (H -13 ) 3 , C: Cc-C -12 (H -12 ) 2 -Cd or OH, D: (H -14 ) 3 )-C -8 (H -8 , H -8Ј )-C -9 (H -9 ) 2 -C -10 H -10 ϭCk. From the data of HMBC analysis (Fig. 6) , coupling of H -4 with C -3 and coupling of H -15 with both C -2 and C -4 were observed; therefore, Ca, Ce and Cg were estimated to be C -3 and the structure of A-(E)-D was estimated. As H -5 and H -7 coupled with C -6 , Cf and Cj were estimated to be C -6 and the structure of A-(E)-D-F was estimated. As H -13 coupled with C -10 and C -11 , Cb and Ck were estimated to be C -11 . Then, the structure of A-(E)-D-F-B was estimated. H -12 coupled with C -10 and C -13 , so Cc was estimated to 15 Estimation of the Pheromone from E. lewisi H-NMR spectra of the purified compound isolated from an adult male E. lewisi. Fig. 4 .
13 C-NMR spectrum of the purified compound isolated from an adult male E. lewisi. be C -11 . Then, the structure of A-(E)-D-F-(C)-B was estimated. As H -5Ј coupled with C -2 and H -5 coupled with C -1 , Ch and Ci were estimated to be C -6 . Then, the ring structure was estimated and OH was able to connect only with C -12 . The geometrical configuration of the double bond between C -10 and C -11 was estimated to be Z from NOESY analysis, which showed that H -12 coupled with H -9 and H -13 , and H -13 coupled with H -10 and H -12 but not with H -9 . Finally, the isolated compound was estimated to be (Z)-2-methyl-6-(4-methylenebicyclo[3.1.0]hex-1-yl)hept-2-en-1-ol (Fig. 7) . This estimated structure is consistent with other correlations obtained from HMBC analysis. Identification of the absolute configuration of the compound is a necessary subject for future investigation.
The related compound has been reported in extracts of the roots of Haplocarpha species (Compositae tribe Actoeae) (Bohlmann and Wallmeyer, 1982) but there is no data about biological activity. E. lewisi was reared using the seeds of rice (Oryza sativa, Poaceae, Poales) and ground nut (Arachis hypogaea, Fabaceae, Fabales), which belong to different genera of Haplocarpha. E. lewisi may use an ingredient of the seeds to make the pheromone component. We do not have any data yet about the origin of the pheromone compound and the gland from which the pheromone compound is emitted. If these points are clarified, it will be useful to evaluate the aggregation pheromone of other species. M. TAKITA et al. 
